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Magnetism and rotation have a lot in common. The effect of a magnetic field on a moving charge, 
the Lorentz force, is formally equivalent to the fictitious force felt by a moving mass in a rotating 
reference frame, the Coriolis force. Atomic quantum gases under rotation are used as quantum 
simulators for exotica magnetic phenomena for electrons like the fractional quantum Hall effect. 
But there is no direct equivalent of magnetism for photons, which are massless and chargeless. 
Now, Niclas Westerberg and co-workers at Heriot-Watt University in Edinburgh, UK [1], have 
shown how to make synthetic magnetic fields for light. A light beam in a non-linear medium 
pumped by twisted light will rotate as it propagates, just as an electron will whirl around a magnetic
field. More than that, the light expands as it goes, demonstrating fluid behaviour as well as rotation.
The idea that light can behave like a fluid, and even more interestingly a superfluid, goes back at 
least to the 1990s [2]. The analogy comes about because Maxwell’s equations for nearly-collimated 
light in a non-linear medium look like the interacting Schrödinger equation for matter. Photon fluids
propagating in bulk non-linear media show superfluid behaviour, for example in shock waves [3]. 
In microcavities, fluids of light can be strongly coupled to matter such as semiconductor excitons, 
to make polariton condensates [4], producing the quantized vortices which are characteristic of 
superfluidity [5]. Despite these impressive advances, it has proven difficult to induce strong bulk 
rotation of photon fluids. Whence the need for synthetic magnetism.
The idea of synthetic magnetism is borrowed from ultracold atoms, which are limited in the strength
of rotation which can be directly applied. To reach the regime of large magnetic fields is 
experimentally unfeasible, not least because the traps are unable to provide the centripetal force to 
stop the atoms flying out. Atoms have multiple internal states which can be used to generate 
geometric phases, as opposed to dynamical phases. A geometric phase, otherwise known as the 
Berry phase [6], arises when a system’s internal states (e.g. spin or polarization) adiabatically 
follow the eigenstates of a coupling field which varies around a circuit of external states (e.g. 
position). In atoms the coupling field is typically achieved with laser light [7], and can be 
engineered to produce the rotational equivalent of the magnetic vector potential for a charged 
particle, inducing bulk rotation seen as many vortices in a Bose-Einstein condensate [8].
To apply a geometric phase to light, Westerberg et al. have considered a spinor fluid of light, with 
two coupled internal states. They consider two types of non-linear media: second- and third-order. 
The second-order nonlinearity comes in the form of three-wave mixing in a birefringent crystal, 
where a pump beam splits into two fields with orthogonal polarizations, these being the two 
required internal states. Each of the two fields propagates with negligible self-interaction: either a 
photon gas or a diffracting light beam, depending on your point of view. A strong pump field 
couples the two states, and its slow (adiabatically-followed) variations generate an artificial 
potential.
The third-order optical non-linearity occurs in a medium with intensity-dependent refractive index. 
The photon fluid in this case consists of weak fluctuations around a strong light field in a Laguerre-
Gauss mode, which carries orbital angular momentum (OAM). The two internal states are 
distinguished by their differing OAM. The strong field couples the two internal states, and can also 
trap them. The vector potential created for the light is equivalent to a magnetic field for electric 
charges or rotation for atoms. Coincidentally, for synthetic magnetism using second-order non-
linearities, the authors also propose using OAM light beams for the pump. 
The authors present numerical simulations for both types of non-linearity. An elliptical light beam 
in a synthetic magnetic field rotates about its propagation axis and expands as it propagates (Fig 1). 
A trapped vortex will also cause the beam to rotate, which is the akin to cyclotron motion. Short of 
spinning the medium extremely rapidly [9], it is not obvious how one could otherwise make a beam 
continuously rotate as it propagates.
This work makes important connections between several disparate topics: non-linear optics, atomic 
physics, geometric phases, spinor condensates and OAM light. Spinor photon fluids in themselves 
are a new development. Some of the same authors have recently experimentally driven photon 
fluids past obstacles in ways which are difficult to study for magnetism and difficult to achieve for 
atoms [10], evidencing superfluidity. Furthermore, they have also made photon fluids with non-
local interactions, via thermal effects. Generalizing artificial potentials to these situations will 
enlighten us about magnetism and rotation in solid-state and atomic analogs. Experimental 
implementation will surely follow hot on the heels of this proposal.
Note: the inset image for the orbital angular momentum pump light was cropped from 
https://en.wikipedia.org/wiki/Orbital_angular_momentum_of_light#/media/File:Helix_oam.png
Figure caption: 
An electron moving along a magnetic field orbits around its propagation direction. An elliptical 
light beam propagating in a non-linear medium pumped by a strong light beam carrying orbital 
angular momentum also rotates about its propagation direction. The phenomenon is known as 
synthetic magnetism.
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